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Abstract 
 
Dye-sensitized solar cells affords a technically and economically trustworthy alternative for p ±n junction photovoltaic devices 
which made by silicon. In divergence to the conventional photovoltaic device the task of light absorption and charge carrier 
transport separately functioned. Photons absorbed by a sensitizer, which is moored to the surface of a wide band semiconductor. 
Charge separation occurs at the interface via photo-induced electron injection from the dye into the conduction band of the solid. 
Charge collector collects the carriers are from the conduction band of the semiconductor. Because of broad absorption band of 
sensitizers it permits to yield a large fraction of sunlight. The conversion of incident photons into electric current is attained over 
a large spectral range from the UV region to the near IR region. Power electronics, the technology of efficiently processing 
electric power, plays an essential part in the integration of the dispersed generation units for good efficiency and high 
performance of the power system. Due to the characteristics of low cost and high efficiency, the transformer less photo voltaic 
grid- connected inverters have been popularized in the application of solar electric generation system in the residential market. 
Unfortunately, the leakage currents through the stray capacitors between the PV array and the ground are harmful. This paper 
presents modelling and simulation of dye sensitized solar system with hybrid transformer less inverter topologies and proved that 
H6 topology by using neutral point clamped (NPC)method for suppressing of leakage currents and to obtain excellent common 
mode voltages are the best compared to other topologies. 
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1. Introduction to mathematical modelling  
Yield  optimizat ion for  any operation mathematical  modelling is essential  work.  Generally, the  electrical 
equivalent circu it is useful to  represent photovoltaic module  in which the para meters are calculate  and current- 
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voltage characteristic can p lot. Parameters obtain fro m this circuit are generally quantities neither measurable nor 
included in the manufacturer data sheet. As a concern, they must be determined fro m the systems of the equations I 
- V to different points of functioning given by the manufacturer or stanching fro m the direct measure on the module. 
 
Modelling of any systems has arisen as a decisive step and has directed to a divergence in the proposed models by 
different researchers. Their dissimilarities are situated mainly in the number of diodes, the shunt resistance finite or 
infinite, the ideality factor ,constant or not, as well as the nu merical methods used fo r the solution of the various 
unknown parameters. Modelling of the photovoltaic cells permits necessarily by a workab le choice of the equivalent 
electric circuits. To develop a accurate equivalent circuit for a photovoltaic cell (PV), it is essential to co gnize the 
physical configuration of the elements of the cell as well as the electric characteristics of each element, by taking 
more or less details. 
 
According to this philosophy, several mathematical models were developed [1]. These models vary between them 
by the mathematical procedures and the number of parameters intricate in the calculation of the voltage and current 
of the photovoltaic module. 
 
Nomenclature 
 
L electron diffusion length 
 
JSC short circuit current. 
 
ĭ light intensity  
 
D diffusion co-efficient of electrons 
 
n(x) excess concentration of the photo generated electrons at a position x within the film  measured fro m the 
 
transparent conducting oxide interface. 
 
ǹ light absorption co-efficient of the porous film. 
 
m ideality factor 
 
t Life t ime of free electrons 
 
 
 
1.1. Dye sensitized solar photovoltaic system 
 
Dye-sensitized solar cells are an important and the most representative type in mo dern thin-film solar cells [2-4]. 
In 1991, Grat zel, et al. firstly reported that the conversion efficiency of nano -TiO2 porous thin film solar cells 
could reach a value of 7.11% [5]. Fro m then on, DSSC as a new type of solar cell began to attract more and more 
attention and has been studied widely. 
 
DSSC perfo rmance can usually be described by five parameters including photo -current (Iph), d iode reverse 
saturation current (I0), diode ideality factor (A), series resistance (Rs) and shunt resistance (Rsh). How to determine 
these parameters of a certain DSSC simply and accurately makes an important part for solar cell research since it is 
difficult to measure them with experiment [ 6]. Therefore, it is of great necessity to develop a numerical method to 
analyze the measured DSSC V-I characteristics and estimate the five parameters efficiently, which can aid to discuss 
their in fluence to the output characteristics and provide basic theoretical proof to improvement of DSSC. 
 
The equivalent circuit of the DSSC can be used to illustrate the interior physical chemistry of solar cells and is 
now an impo rtant means for analy zing internal physical and chemical mechanis m of DSSC [ 7]. Until now, there 
has been a number of ways to extract solar cell parameters as introduced in literature [8-11]. However, these 
methods, such as open point slope method, the two -curve method and the double-diode model method, have a 
higher request to initial values or need complex calcu lations. They need multip le sets of measurement data, and the 
solution procedure is very complicated. 
 
Fig.1 represents basic block diagram of Photovoltaic System with MPPT Method. Series and parallel 
combination of solar cells constitute PV array which boost up the array voltage and current respectively. A DC to 
DC converter resistance (by varying the duty cycle) is used [12] to change the input resistance of the panel to match 
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the load. The output the PV panel taken as input for boost converter and its output is connected to load. MPPT 
block takes and signals fro m PV panel. Series of pulses taken as the output from MPPT b lock and those are given 
to boost converter. Then the Converter works based on these pulses to make the PV system to work at Maximu m 
power point (MPP). 
 
The working of PV cell works based on photovoltaic effect which converts sunlight (photons) into 
electricity. Photons consists different wavelengths and energies of solar spectrum. When photons meet a PV cell the 
absorbed photons generates electricity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1.Basic block diagram of Photovoltaic system 
 
1.2. Mathematical modelling of Dye sensitized solar cell 
 
A simp le mathematical model of the DSSC can be done using two equations [17]. The first one is a continuity 
equation that describes the transport, reco mbination, and generation of electrons within the nano porous film: 
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When the DSSC is irrad iated the equation becomes,  
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Moreover there are t wo boundary conditions, Under short -circuit conditions, electrons are easily extracted 
as photocurrent and none of the electrons are drawn directly to the counter electrode. Therefore 
 
 
n 0   n0 (3) 
 
and   
 
 dn   0 (4)     
  
 
dx  x  d 
 
Where d is the porous electrode thickness. The excess concentration of photo generated electrons at the 
back contact, n contact , and the photo voltage, V ph , are related by the following equation: 
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Where L is the diffusion length given by, 
       
 
L   DW           (7)
 
The voltage and current density are related by the follo wing equation,  
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The open circuit voltage and the voltage at maximu m power po int are given by  
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1.3. Implementation of Dye sensitized photovoltaic system 
 
The Dye sensitized solar panel simu lated[13] by MATLAB/ SIMULINK and I-V curves and P-V curves are shown in Fig 
 
.2.(a) and it is observed that the generated current from the panel is 78A and voltage is 28V and also fro m the Fig .2.(b) it is 
observed that the total power maximu m is 2000 watts generated. Co mbined with incremental conductance maximu m power 
point tracking method with buck boost converter the obtained voltage is 180V which is shown in Fig.3 (a).this voltage fed to the 
inverter stage for converting into AC grid which is shown in Fig.3 (b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. (a) I-V characteristics of solar panel (b) P-V characteristics solar panel 
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Fig.3. (a) Buck boost converter output voltage (b).Inverter output voltage 
 
1.4. Inverter topologies for Dye sensitized photovoltaic system 
 
 
In the transformer less PV grid-tied inverters[14] an extra switch implanted to the H5 topology for developing a 
new current path and for the purpose of decreasing conduction loss. Therefore, in the active modes, the inductor 
current of the proposed H6 topology flows through two switches during one of the half-line periods and through 
three switches during another half -line period. As a result, the proposed H6 NPC topology has achieved the minimu 
m conduction loss, and also good feature with low leakage currents when compare to other topologies [15]. On the 
other hand, the topological relat ionship between H5 topology and HERIC topology is revealed, and the methods for 
generating HERIC topology fro m H6-type topology and from hybrid -bridge topology are presented, 
respectively[16]. The operation modes and characteristics of the H5 topology and the HERIC topology are presented 
and compared. The methods of generating H6 NPC topology fro m the H6 -type topology or fro m the HERIC-
bridge topology are given. A family of H6 NPC topologies is proposed, and the topological relationship between H5 
topology, HERIC and H6 topology is analysed[17] with the help of circu its shown in Fig.4,Fig.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. (a). H5 topology (b ) HERIC topology. 
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Fig.5. (a) H6 topology. (b) H6 NPC topology. 
 
There are four operation modes in each period of the utility grid of the H5 topology. It can be seen that in the 
active modes, the inductor current of H5 topology is always flo wing through three switches due to its extra switch 
S5 in DC side. In the freewheeling modes, the inductor current of H5 topology is flo wing through two switches. The 
four operation modes of the HERIC topology can be seen that, the inductor current of HERIC topology is always 
flowing through two switches in the active modes [18]. In the freewheeling modes, the inductor current of HERIC 
topology is flowing through two switches . Therefore, although the H5 topology features less power devices than the 
HERIC topology, its conduction loss is higher than that of the HERIC topology. Moreover, the conduction losses of 
the H6-type topology and the hybrid-bridge topology are also higher than that of the HERIC topology due to extra 
switches in the DC side. As a result, the conduction losses of H5 topology, H6-type topology, and hybrid-bridge 
topology should be reduced for the harvest of higher efficiency [19]. An ext ra switch S6 is introduced into the H5 
inverter topology between the positive terminal of the PV array and the terminal B to form a new current path. As a 
result, a novel H6 transformer less full-bridge inverter topology is derived, as shown in Fig.6. Similarly, the extra 
switch S6 can be introduced into the H5 inverter topology between the positive terminal of the PV array and the 
terminal (A) to form a new current path as well, as shown in Fig. 7(a).Therefore, a new circu it structure of novel H6 
inverter is presented. As a result, the conduction loss of the proposed H6 to pologies is h igher than HERIC topology 
and less than H5 topology[20]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6.(a) Modified H6-type inverter topologies A (b). Modified H6-type inverter topologies B 
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Fig.7.(a) Proposed H6 inverter topology . (b) New NPC converter  . 
 
In order to imp rove the reliability and reduce the leakage current of the transformer less inverter[21-23], a new 
NPC converter is derived fro m H6 topology shown in Fig. 7 (b).The H6 inverter can be realized by using 
MOSFETs. The switch - d iode pair S4, D4 and S3, D3 provide path fo r filter inductor current during freewheeling 
period in positive and negative grid half period respectively. Ho wever, the co mmon -mode voltage during 
freewheeling period is not maintained at a constant level due to capacitive coupling between input and output 
voltage sources. A variant topology for H6 inverter is shown in Fig.7 (b).This is obtained by connecting output 
terminals across the lower mid - points of H6 inverter C, D. A new inverter topology is derived by connecting output 
pair of H6 topology in parallel This topology is referred to as parallel H6 transformer less inverter. The bridge arms 
of the inverter consist of two switches and one diode. Thus, shoot-through problem in this inverter is eliminated. The 
coupled inductors L1, L2 are used as filter, and this leads to reduced inductor core s ize. The switches S5 and S2 are 
connected in series with L1 and L2 respectively. The group of co mponents of the inverter responsible for positive 
and negative half period outputs can be identified as S1 - S5 - L1A - L1B - S4 - D4 - S6 and S1 - S3 - L2D - L2C - 
S2 - D4 - S6 respectively. The L1A, L1B, L2C and L2D are self-inductances of coupled inductors L1 and L2 
respectively. The switch pair S4, S5 and S2, S3 along with the d iode D4 provide freewheeling path for coupled 
filter inductor current in positive and negative grid half period respectively. After simu lating the proposed inverter 
topologies by MATLAB/SIMULINK the results like co mmon mode voltage , leakage currents are obtained and the 
waveforms are noted in the following figures. 
 
H5 topology results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.8. (a) Leakage currents (b). Co mmon Mode voltage 
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HERIC topology results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.9 (a).Leakage currents (b). Co mmon Mode voltage 
 
H6 topology results 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.10.(a)Leakage currents (b). Co mmon Mode voltage 
 
H6 NPC topology results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.11. MATLAB/ SIM ULINK diagram of H6 NPC topology 
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Fig.12.(a)Leakage currents (b). Co mmon Mode voltage 
 
Co mplete results of inverter topologies consisting no. of switches, common mode voltages, leakage currents are 
tabulated for comparison purpose in table.1. 
 
Table .1.Comparison of all the inverter topologies 
 
Type No of Common mode voltages Leakage Currents Efficiency (%) 
 switches    
H5 5 500V 8mA 95 
HERIC 6 420V 4mA 96 
H6 6 400V 4mA 96.5 
H6 NPC 6 400V 1.25mA 97 
 
Fro m the above table.1.it is clearly observed that the leakage currents were reduced up to 1.25mA and efficiency 
is 97% wh ich is obtained fro m H6 NPC topology hence it is proved that this topology is better than above other 
topologies . 
 
Conclusion The improved single-phase neutral point clamped transformer less inverter for grid connected PV 
system is imp lemented using MATLAB/SIMULINK and the effect of co mmon mode voltage is analy zed with 
respect to parasitic capacitance switches. In th is common mode voltage is clamped upto 400V and the leakage 
current performance of inverter is independent of dead time provided between the switches connected across the 
upper half of DC lin k which is 1.25mA and meets the safety standards, the conversion efficiency of H6 NPC 
topology 97% is better than other topologies. The excellent differential-mode characteristics as in the isolated full-
bridge inverter with unipolar SPWM are achieved. Thus, the imp roved NPC inverter can be a good solution for 
transformer less single-phase grid connected PV system. 
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